Records on 983 cows born during a period of 10 yr (1966 to 1975) were used to estimate longevity and lifetime productivity of cows raised under range conditions. The cows were from a purebred Hereford and two multibreed synthetic groups, one composed of beef breeds (Beef Synthetic # 1) and the other composed of two-thirds dairy breeds and one-third beef breeds (Dairy Synthetic). The cows were raised under a stringent culling system in which all heifers were exposed to bulls as yearlings and were expected to wean a calf each year thereafter or they were culled. Cows were also culled for other reasons, such as severe calving problems, bad udders, and leg and feet problems. The mean longevity was 4.2 yr; cows from the synthetic breed groups produced longer ( P c .01) than Hereford cows, due to a relatively faster rate of removal at all ages in the purebred Hereford group. The mean values per cow for lifetime productivity traits were 2.7 and 2.5 for number of calves born and weaned and 101.9 kg and 482.9 kg for weight of calf born and weaned, respectively. Male calves were not castrated, and weights of female calves were adjusted to a male basis. Over their lifetimes, Dairy Synthetic cows were more productive, in terms of number and weight of calves born and weaned, than Beef Synthetic #1 cows, which in turn were more productive than purebred Hereford cows ( P < .01).
Introduction
The longevity of a cow is normally defined as the length of its productive life in the herd. Although greater longevity increases generation interval, and hence potentially reduces genetic gain per year, it allows producers to be more selective in choosing replacement heifers because only a few have to be chosen each year. Higher longevity also reduces the cost of herd replacements, increases the number of animals available for marketing, spreads cow maintenance costs over a larger number of calves, and increases the proportion of the high-producing, mature animals in the breeding herd. This is a reflection of J. h i m . Sci. 1993 Sci. . 71:1142 Sci. -1147 the higher percentage of calf crop born and weaned, heavier weaning weights of calves, and lower total energy requirements associated with mature cows . Simulation studies suggest that the maximum longevity for optimum economic returns is within the range of 8 to 11 yr (Rogers, 1972; Melton, 1980) for commercial cow-calf operations.
The goal of faster genetic improvement in operations that produce breeding stock dictates that the generation interval be shortened, and hence intense selection and(or) stringent culling practices are usually employed. There are very few reports on the longevity and lifetime productivity of cows under such a system. As well, there are indications of the existence of breed differences in longevity among beef (Fredeen et al., 1981; Rohrer et al., 1988a,b; Bailey, 1991; N6fiez-Dominguez et al., 1991; Cundiff et al., 1992) and dairy (Silva et al., 1986) cattle. There is, however, little information on longevity and lifetime productivity of multibreed cows compared with purebred cows.
The objective of this study was to estimate and compare longevity and lifetime productivity among a purebred Hereford and two multibreed synthetic groups of beef cows under a stringent culling system. Arthur et al. (1992) . Briefly, the Beef Synthetic #1 is composed of 33% Charolais, 33% Angus, 20% Galloway, and the remainder from other beef breeds. The Dairy Synthetic breed group is composed of 64% dairy breeds (Holstein, Brown Swiss, and Simmental) and 36% beef breeds.
Materials and Methods
The management of the breeding herds was described by Arthur et al. (1992) . In summary, the breeding herds were on the range year-round and depended on natural grazing except for 3 to 4 mo during the winter, when supplementary feed was provided. The level of supplementary feed depended on pasture conditions and severity of the winter. Heifers were raised separately from weaning to first breeding when they were introduced to the breeding herds. The heifers were bred as yearlings. Cows and heifers were exposed to bulls of their respective breed groups for 60 d in July and August each year. Breeding was in single-sire groups of approximately 25 cows, except for the Dairy Synthetic breed group, which was bred as a multiple-sire group. To prevent reproductive failure of a single-sire mating group due to poor serving capacity of the bull, single-sire mating groups were monitored during the first half of the breeding season. Any bull found to have a poor serving capacity was replaced with a proven older bull for the remainder of the breeding season. Calving was mainly in April and May each year and calves remained with their dams until weaning in early October. Male calves were not castrated. Heifers and cows failing to wean a calf in any year were culled. Heifers and cows were also culled for unsoundness and defects such as bad udders, leg and feet problems, and severe calving problems. The reasons for disposal of cows and their frequencies in the various breed groups have been reported by Arthur et al. (1992) .
The management of the cows in the three breed groups was as similar as possible; hence, breed group differences represented characteristics inherent in the genetic make-up of the cows in the breed groups. The Dairy Synthetic cows were bred in multiple-sire mating groups, whereas cows of the other two breed groups were bred in single-sire mating groups. The data used did not include any single-sire mating group in which there was a complete reproductive failure due to poor serving capacity of the bull, because various management measures were in place at breeding, as described above, t o prevent such an occurrence. However, the possibility that there were other effects inherent in the two different mating systems that could influence cow productivity cannot be discounted.
All the cows in the study had been disposed at the time of the analyses of the data. Disposal age, as a measure of longevity, was studied, as well as cow survival patterns. Lifetime productivity traits studied included number of calves born, number of calves weaned, weight of calves born, and weight of calves weaned. Disposal age was calculated as the age, in years, of cow at the time of disposal. Hence, a disposal age of 5 yr means the cow was in the breeding herd at 5 yr of age but was disposed of before it reached its sixth birthday. Because all heifers were exposed to bulls as yearlings, the number of years a cow stayed in the breeding herd is given by the disposal age minus 1. The lifetime productivity traits were computed as cumulative number or weight over time (age of cow) and were expressed per cow entering the breeding herd as a yearling. Hence, when a cow was disposed of the accumulated number or weight of her calves at the time of disposal was used as her cumulative total at subsequent ages. Because the management of the cows remained relatively unchanged during the years, calves that were older at weaning reflected early calving and corresponding early breeding of their dams. Such cows should thus be given due credit, hence, weaning weights of calves were not corrected for age at weaning in the computation of cumulative weight of calves weaned. Weights of female calves at birth and at weaning were, however, adjusted to a male basis as described by Sharma et al. (1982) .
Survival curves were plotted as the probability for a cow that entered the breeding herd as a yearling t o remain in the herd to a particular age in years (Lx). Because the probability of failure was not constant across time, Weibull distribution was determined to be the most appropriate for such data (Ducrocq et al., 1988; Rohrer et al., 1988a) . The parameter estimates were calculated using SAS (1988) . The model used was as follows: P (t ) = Exp [-( A t ) ?I, where P ( t ) is the probability of survival to time t, X is the scale parameter, and y is the shape parameter that determines whether the hazard rate function is increasing ( y > 11, decreasing ( y < 11, or constant ( y = 1 ) across time (Gross and Clark, 1975) . Age distribution at equilibrium, defined as the proportion of cows at a particular age in a herd at equilibrium, was computed ( L x i / z Lxi) for each breed group separately and for the pooled data using the observed survival probabilities as well as the survival probabilities from the fitted Weibull distribution. Data for the other traits were analyzed by least squares procedures using the GLM Type I11 option in SAS (1988) . The model used included the fixed effects of breed group, year of birth, and random error term. Preliminary analyses had shown that the breed group x year of birth interaction was not significant and hence it was n i= 1 not included in the model. Differences among means that showed significance were subjected to StudentNewman-Keul's test (Steel and Torrie, 1980) .
Results and Discussion

Longevity
The mean disposal age, which represented longevity, was 4.2 yr for the entire population (Table 1) . This value is lower than those reported in other studies (Rohrer et al., 1988a; Tanida et al., 1988) because of the very stringent culling policy in this study. The mean longevity of purebred and crossbred cows in the study reported by Rohrer et al. (1988aj was estimated as 9.5 yr. In that study the only culling related to production was of cows that did not give birth to at least one live calf every 2 yr. The mean longevities of Hereford and Angus cows in the study reported by Tanida et al. (1988) were 7.4 and 6.7 yr, respectively, with age at first calving usually at 3 and 2 yr, respectively, indicating that not all cows had their first calves at these ages. In the Hereford herd (Tanida et al., 1988) there was no production-related culling, whereas in the Angus herd there was some culling for nonpregnancy and poor production, although the stringency with which cows were culled for these reasons was not indicated. The culling policies of the studies cited are in contrast to the culling policy in this study, in which each cow was expected not only to calve, but also to wean a calf, each year or she was culled.
Although the mean disposal ages of Beef Synthetic #1 and Dairy Synthetic cows were similar, these means were greater ( P < .Ol) than that of purebred Hereford cows. Several reports have indicated that heterotic effects increase longevity in cows (Dickinson and Touchberry, 1961; Spelbring et al., 1977; Rohrer et al., 1988b; Nuiiez-Dominguez et al., 1991) . Heterotic effects could therefore explain why the synthetic breed groups lived longer than the purebred Herefords. Published results indicate that traditional dairy breeds have shorter lifespans than do beef breeds when they are managed as beef cattle (Spelbring et al., 1977; Rohrer et al., 1988a) ; however, the Dairy Synthetic cows had a mean disposal age similar to that of Beef Synthetic #l. This could be because the Dairy Synthetics have only 64% dairy breeding, and hence have lower milk production potential than do traditional dairy breeds. It is therefore expected that the Dairy Synthetics will be less affected by the problems associated with high milk production in dairy cows, such as mastitis. A study of the reasons for disposal indicated that the percentage of Dairy Synthetic cows disposed of for udder problems was similar to those for Hereford and Beef Synthetic #1 cows (Arthur et al., 1992) .
Survival curves that were generated as the probability that a cow that entered the breeding herd as a yearling would survive to a particular age are presented in Figure 1 as "observed and those obtained from the fitted Weibull distributions as "predicted." The parameter estimates from the fitted Weibull distributions are presented in Table 2 . The scale parameter ( A ) was highest for the purebred Table 3 ) is dependent on the survival probabilities and the maximum age attained by the cows, hence breed group differences followed a pattern similar to that for the survival probabilities. A higher proportion of heifers was needed for replacements ( 1 yr of age) for Hereford than for the multibreed synthetic groups, which indicates that more yearling heifers were available to be marketed in the multibreed groups. Because the management and culling policies were similar for breed groups, differences in survival patterns among breed groups were likely of genetic origin. The survival curves obtained in this study were similar to those reported by Schons et al. (1985) but different from those reported by Rohrer et al. (1988a) , who reported lower rates of initial removals, possibly due to the lenient minimum requirement for removal for reproductive failure. The pattern for age distribution at equilibrium under the "imposed culling policy" (nonpregnant cows culled) reported by Nuiiez-Dominguez et al. ( 199 1) was similar to that in this study, aProportion of cows at a particular age in a herd at equilibrium.
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Lifetime Productivity
The number of calves born during the lifetime of a cow in this study depended on the cow's regular reproduction, maternal success, and survival of both calf and cow. Although the weaning weight of a calf depends on the calfs genotype as well as the dam's mothering ability, in this study weaning weight was also influenced by earliness of conception of the dam in the breeding season. Early conception in the breeding season meant early calving, hence older and heavier calves at weaning.
The overall means for number of calves born and weaned during the lifetime of a cow were 2.7 and 2.5, respectively (Table 1) . Means for lifetime number of calves weaned by beef cows from various studies have ranged from 3.1 to 7.0 (Tanida et al., 1988; Sacco et al., 1989; Bailey, 1991) . Lifetime number of calves weaned is directly related to longevity in this study, because any cow that failed to wean a calf in a particular year was culled. Hence, the lower number of calves born or weaned per cow during the lifetime of the cow in this study than in the other studies was not Figure 2 . Cumulative number and weight of calves weaned per cow entering the breeding herd as a yearling. HE, SY1, and SD denote purebred Hereford, Beef Synthetic #1, and Dairy Synthetic, respectively. unexpected because it was consistent with the stringent culling policy, which resulted in higher initial removal rates and the slight increase in the hazard rate function with advancing age.
The Dairy Synthetic cows were more ( P < .O 1) productive than Beef Synthetic #1 cows, which in turn were more productive than purebred Hereford cows for number and weight of calves born or weaned. This pattern was obtained not only for the lifetime production totals (Table 11 , but also for cumulative calf production as early as 4 and 3 yr of age for number of calves born (Table 4 ) and weaned (Figure 21 , respectively, and also at 2 yr of age for weight of calves born (Table 4 ) or weaned (Figure 2 ) . These differences became greater over time, such that Dairy Synthetic cows weaned 1.4 more calves and > 437 kg more than purebred Hereford cows (Figure 2 ) . The corresponding values for Beef Synthetic #1 over purebred Hereford cows were approximately half those obtained for Dairy Synthetic cows (.7 calves and 220 kg). The general pattern for breed group differences for lifetime number of calves born and weaned was a reflection of the differences in longevity of the breed groups. Differences in lifetime weight of calves born and weaned were reflections of differences in both longevity (as described in this study) and differences in birth and weaning weights of calves of their respective breed groups, with Hereford calves being the lightest and Dairy Synthetic calves the heaviest (Berg et al., 1990) . In a study by Cundiff et al. (1992) , the "imposed culling policy," whereby all nonpregnant cows were culled, was similar to that of this study, except that in this study cows that failed to wean their calves were also culled. In the study of Cundiff et al. (1992) crossbred cows weaned 3 2 more calves and 232 kg (30%) more live weight than did straightbred cows. Breed group differences in lifetime weight of calves weaned have been reported in other studies (Tanida et al., 1988; Bailey, 1991; McCarter et al., 19911 , with crossbred cows generally more productive than purebred cows (Spelbring et al., 1977; Sacco et al., 1989) . Using the data on which the report of Cundiff et al. (1992) was based, Nuiiez-Dominguez et al. (1992) estimated that lifetime input cost per value of weaned calf and culled cow output from crossbred matings was approximately 12% less than from straightbred matings. Differences in the economic efficiencies of different culling policies were also evaluated, with no culling or culling when a cow fails to produce a calf after two successive years being more efficient than culling all nonpregnant cows, when the ratio of calfxow price is high. When calfxow price is low, however, culling all nonpregnant cows was the most efficient, especially at older ages.
Implications
There were significant breed group differences in longevity and lifetime productivity of cows; multibreed synthetic cows lived longer and had higher productivity than did purebred cows. These results demonstrate some of the benefits of developing multibreed synthetics. The inclusion of dairy breeds in a synthetic population had a positive effect on longevity and lifetime productivity. Hence, in developing multibreed synthetics some consideration should be given to the inclusion of some dairy breeds.
